Abstract. Personalized medicine has become essential in the treatment of lung cancer. However, the lung cancer-related gene expression profiles in non-small cell lung cancer (NSCLC) patients have not been elucidated. In this study, the correlation between gene expression profiles and clinicopathological characteristics was investigated in NSCLC patients. A total of 95 patients were enrolled in this study. The mRNA expression levels of 14 genes were assessed by multiplex branched DNA liquidchip (MBL) technology and data on 9 clinicopathological characteristics of patients were collected simultaneously. The correlation between gene expression and clinicopathological characteristics was investigated. Out of the 9 clinicopathological parameters, 6 were associated with several of the 14 genes analyzed. Patient gender was associated with TYMS and TOP2A. Clinical stage was associated with VEGFR2, KIT and HER2. There was weak correlation between primary tumor size of ≤3 cm and the expression level of KIT. The mRNA expression levels of VEGFR2 and HER2 correlated with distant metastasis. BRCA1, TYMS, TOP2A and HER2 were associated with histological type. Smoking correlated with higher expression levels of BRCA1, TYMS and TOP2A and lower expression levels of PDGFRβ. The results were suggestive of correlation between the clinicopathological parameters of the NSCLC patients and the mRNA expression levels of certain lung cancer-related genes, including BRCA1, TYMS, TOP2A, PDGFRβ, VEGFR2, KIT and HER2. 
Introduction
Lung cancer is a leading cause of mortality worldwide and non small-cell lung cancer (NSCLC) constitutes 80% of all lung cancer cases (1, 2) . NSCLC is commonly diagnosed at an advanced stage, which leads to a poor prognosis (3) . More effective individualized cancer therapies are necessary to achieve the best possible outcome for each patient, which is the ultimate goal of personalized medicine (4) . Studies were previoiusly conducted to identify genes related to treatment responses of NSCLC, breast, colorectal and other types of cancer exhibiting a high prevalence (5) (6) (7) . The treatment of NSCLC may be significantly improved with improved understanding of the molecular basis of the disease and innovative laboratory technology. In this study, 14 lung cancer-related genes were selected, based on previous studies, and we attempted to identify the association between the genes mRNA expression levels and specific clinicopathological characteris� linicopathological characteristics of NSCLC patients. This study may help develop novel ways of selection of the appropriate treatment strategy for patients with NSCLC using molecular diagnostic tools. (8, 9) . The MBL method was as follows: Sample pretreatment: The FFPE tissue samples were homogenized in a mixture of homogenizing solution at 65˚C for 2 h. The homogenate was centrifuged to remove residual paraffin and debris and the supernatant was transferred to a fresh centrifuge tube. The homogenate (40 µl) was added to each well of a 96-well plate containing the reagents: 18.5 µl RNase-free water, 33.3 µl lysozyme solution, 2 µl blocking reagent, 1 µl capture beads and 5 µl target gene�specific pretreatment probe set. the 96-well plate was sealed and incubated at 54˚C for 18 h on a shaker at 314 x g. The hybridization mixture was then transferred to a filtered 96�well plate. The unbound RNA and other debris in the wells were removed by washing three times with 250 µl wash buffer under a magnetic adsorption system. Signals for bound target mRNA were developed using the following steps: incubation in 100 µl preamplifier solution at 50˚C for 1 h; washing twice with 200 µl wash buffer; incubation in 100 µl amplifier solution at 50˚C for 1 h; washing twice with 200 µl wash buffer; incubation in 100 µl labeled probe at 50˚C for 1 h; and washing twice with 200 µl wash buffer. The samples were then developed with 100 µl streptavidin-phycoerythrin solution at 25˚C for 30 min. The fluorescence value of each sample was analyzed using the Luminex 200 system (Luminex, Austin, TX, USA relevance of the two factors was revealed as the Spearman's rank correlation and the correlation intensity was described as the correlation coefficient. All tests were two�sided and P<0.05 was considered to indicate a statistically significant difference.
Materials and methods

Patient and specimen collection.
Results
Patient characteristics.
Of the 95 patients, 53 were males and 42 females. Sixty-one patients were <65 years and 34 were >65 years old. A total of 20, 18, 30 and 23 patients had clinical stage Ⅰ, Ⅱ, Ⅲ and Ⅳ disease, respectively, whereas in 4 patients the clinical stage was undetermined. Distant metastasis was present in 21 patients, absent in 68 and undetermined in 6. Sixty-six patients had adenocarcinoma, 28 had non-adenocarcinoma and information on 1 patient was not available. The degree of differentiation was low, moderate, high and undetermined in 37, 30, 15 and 13 patients, respectively. Forty-nine patients were smokers, 42 had never been smokers and the smoking status of 4 was undetermined. The patient characteristics are listed in Table Ⅰ .
Gene expression profiles. The median mRNA expression level of ERCC1 was 0.621 (range, 0.526-0.879) in the 95 patients. The 25% of the 95 detection values was 0.526, whereas the 75% was 0.879. The Q U -Q L of the ERCC1 mRNA expression was 0.353. The expression levels of the 14 genes are presented in detail in Table Ⅱ .
Correlation of gene expression levels and patient clinicopathological characteristics.
Of the 14 genes, 6 (ERCC1, RRM1, TUBB3, EGFR, VEGFR1 and IGF1R) exhibited no association with the nine clinicopathological characteristics.
Furthermore, 3 patient characteristics (age, nodal status and differentiation) were not associated with any of the 14 genes assessed in this study. TYMS and TOP2A correlated with gender. Male patients exhibited higher expression levels of TYMS (P=0.005) and TOP2A (P=0.017). Patients in the advanced stages of the disease were associated with higher levels of VEGFR2 (P=0.028) and lower levels of KIT (P=0.016). In primary tumors, higher levels of KIT (P=0.016) were observed in patients with tumor size ≤3 cm (Table Ⅲ) . Among all NSCLC patients, 35% presented with negative nodal status. The expression levels of VEGFR2 and HER2 exhibited a direct correlation with distant metastasis. The correlation coefficients of VEGFR2 and HER2 were 0.285 (P=0.007) and 0.217 (P= 0.041), respectively ( Table Ⅳ) .
The expression levels of BRCA1, TYMS, TOP2A and HER2 were associated with histological type and the expression levels of BRCA1, TYMS and TOP2A were different between adenocarcinoma and non-adenocarcinoma patients (the correlation coefficients of the three genes were 0.419, P= 0.000; 0.293, P=0.004; and 0.247, P=0.017, respectively). There was a marked correlation between the expression levels of BRCA1 and histological type. However, the expression levels of HER2 were inversely associated with histological type. The correlation coefficient was 0.265 (P= 0.010) ( Table Ⅳ ). This finding indicates that patients with adenocarcinoma exhibit low expression levels of HER2.
Similarly, BRCA1, TYMS, TOP2A and PDGFRβ were associated with smoking status (P=0.009, P=0.015, P=0.004 and P=0.026, respectively). Smoking patients tended to exhibit higher expression levels of BRCA1, TYMS and TOP2A (the correlation coefficients were 0.275, P=0.008; 0.254, P=0.015; Table IⅠ . Expression levels of genes in 95 NSCLC tumors. and 0.298, P=0.004, respectively) and lower expression levels of PDGFRβ (correlation coefficient: -0.234, P=0.026) ( Table Ⅳ) .
Discussion
In this study, we assessed the mRNA expression levels of 14 genes and investigated the association between gene expression levels and patient characteristics. Of the 9 clinicopathological parameters, six were associated with some of the 14 genes analyzed. Genes are critical elements in the physiology of cancer, including DNA synthesis, DNA repair and mitosis. Gene expression levels are associated with a response to chemotherapy and targeted therapies (5, 10) . Traditionally, treatment selection has been based on clinicopathological characteristics and imaging techniques, including computed tomography (CT) or magnetic resonance imaging (MRI).
In previous studies, different mRNA expression levels of genes were associated with different responses to chemotherapy. Olaussen et al observed that the expression level of ERCC1 positively correlated with the response to cisplatin-based and neoadjuvant chemotherapy in NSCLC patients (11) . Overexpression of BRCA1 was strongly associated with poor survival in NSCLC patients. The mRNA expression levels of BRCA1 have been previously associated with differential sensitivity to cisplatin and antimicrotubule drugs (12) . The association analysis in this study revealed that patients with adenocarcinoma and smokers were more likely to exhibit higher mRNA expression levels of BRCA1. Therefore, it was hypothesized that smoking patients with adenocarcinoma would not benefit from cisplatin and antimicrotubule therapies. However, larger studies are required to reach a definitive conclusion. A previous study demonstrated that males had higher tumor expression levels of BRCA1 compared to females (P=0.020) (13). We did not observe this difference in the present study, which may be attributed to diversities in race and ethnicity. However, histological type and smoking status may be critical for the treatment of NSCLC.
Lung cancer patients with high expression levels of TYMS mRNA were associated with resistance to fluorouracil�based chemotherapy (14) . Ceppi et al reported that Caucasian patients with squamous cell carcinoma exhibited higher TYMS protein expression levels (15) . By contrast, another study conducted on Japanese patients demonstrated that tumor cells with higher TYMS expression exhibit higher proliferative activity in NSCLC, especially adenocarcinoma (16) . We observed that patients with adenocarcinoma exhibited higher TYMS levels compared to those with squamous cell carcinoma, which was in accordance with the results of the latter study (15) . The differrences in the results among studies may be partly due to the racial and ethnic diversities. However, this observation requires elucidation through further large-sample studies. Smokers tended to exhibit higher expression levels of TYMS. This was in accordance with previous studies. Since gene expression levels were found to be associated with clinicopathological characteristics, they may be useful in the selection of NSCLC patients who may benefit from treatment with TYMS-inhibiting agents.
A study demonstrated that low expression levels of RRM1 were a favorable indicator for tumor response to gemcitabine, whereas high levels were associated with drug resistance (17) . Low expression levels of TUBB3 was a favorable indicator for tumor response to paclitaxel and vinblastine, whereas high levels were associated with drug resistance (18) . Overexpression of the EGFR gene was associated with improved response to erlotinib or gefitinib therapy and increased survival in NSCLC patients (19) .
STMN1 was characterized as an important regulatory gene of microtubule dynamics, which were comprehensively studied in cancer (20) . TOP2A and HER2 were extensively studied in breast cancer. Previous studies reported that TOP2A amplification is a marker of sensitivity to anthracyclines (21, 22) . TOP2A catalyzes the relaxation of supercoiled DNA and is associated with DNA proliferation and repair (23, 24) . Previously, a correlation with positive staining for TOP2A was identified in male adenocarcinoma patients (25) . In this study, we observed similar results regarding the association between expression data and clinicopathological characteristics. Furthermore, we found that the expression of TOP2A was associated with patient smoking status. Since TOP2A amplification is a marker of sensitivity to anthracyclines, smoking male patients with adenocarcinoma are likely to benefit from anthracycline treatment.
Trastuzumab therapy may be used as a general paradigm for successful targeted therapy: a positive HER2 status determines the indication for trastuzumab therapy and it is important to use simple, accurate, widely applicable and reproducible methods to screen tumors for gene amplification and̸or overexpression (26) . Nakamura et al reported that overexpression of HER2 was detected in adenocarcinoma more frequently compared to squamous cell carcinoma in Japanese NSCLC patients (27) . Our results demonstrated the opposite; however, these results require further validation. It has been proven that HER2 expression, particularly in adenocarcinoma, is associated with a poor prognosis (28, 29) . Studies investigating the expression of HER2 in advanced or metastatic NSCLC patients are required to verify our results, which suggest that the expression of HER2 is associated with metastasis in NSCLC patients. This would be a novel research direction.
KIT is a proto-oncogene encoding KIT protein, a typical type III tyrosine kinase receptor. Clinical observations demonstrated that the positive rate of KIT expression was 87-100% (30) in gastrointestinal stromal tumors (GISTs) and that high KIT expression levels are associated with the response to imatinib. PDGFRβ is a single transmembrane glycoprotein and a member of the type III protein tyrosine kinase family, which plays an important role in tumor cell proliferation and angiogenesis (31) . Sunitinib and sorafenib are PDGFRβ tyrosine kinase inhibitors in wide clinical application that directly inhibit tumor cell proliferation and angiogenesis (32) . The number of studies focusing on the mRNA expression level of PDGFRβ in NSCLC, particularly on the association between expression and clinicopathological characteristics, is limited. It has been proven that higher levels of PDGFRβ expression were associated with higher levels of VEGF expression. Therefore, PDGFRβ-overexpressing tumors may be effectively treated with imatinib (33) . In this study, we observed that NSCLC patients who were smokers tended to exhibit lower expression levels of PDGFRβ. This finding suggests that PDGFRβ is a novel biomarker in NSCLC and sets a new direction for future studies.
VEGF is a potent growth factor for endothelial cells. It binds to its receptors, VEGFR-1, VEGFR-2 and, to a lesser extent, VEGFR-3, causing proliferation and migration of endothelial cells, thus promoting angiogenesis (34) . Although VEGF overexpression has been directly associated with the process of angiogenesis in NSCLC, the number of studies on clinicopathological characteristics is limited. A previous study focused on the correlation between VEGF levels and the response to treatment with bevacizumab (35) .
It has been demonstrated that biomarkers are associated with NSCLC diagnosis and prognosis. However, the association between these genes and specific clinicopathological parameters has not been elucidated. Patient clinicopathological characteristics are critical in the selection of treatment regimens.
Unlike previous testing technology, such as immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH), MBL technology was used in this study. MBL exhibits high sensitivity and parallel detection and is suitable for various sample types. MBL technology is a non-PCR-based technology at the molecular level and is widely used in clinical diagnosis (36, 37) .
In clinical practice, the elucidation of the association between gene expression profiles and clinicopathological characteristics may aid physicians in selecting patient-suitable treatments. Our findings confirmed an association between expression levels of 14 genes and clinicopathological parameters of NSCLC patients, which increases the possibility of including certain biomarkers in NSCLC diagnostics.
This study investigated the gene expression profiles in Chinese NSCLC patients and systematically analyzed the association of mRNA expression levels with patient characteristics. However, due to the limited sample size and lack of efficacy data, a closer look on the association between gene expression profiles and NSCLC treatment was not feasible. Therefore, additional studies are required, including larger patient samples and clinical outcome data.
In conclusion, this study demonstrated an association between the expression of certain lung cancer-related genes and the clinicopathological parameters of NSCLC patients, which may lead to the inclusion of biomarker detection, in combination with the traditional clinicopathological parameter assessment, in the selection of treatment for NSCLC patients. Furthermore, MBL technology was proven to be a feasible platform for clinical gene tests.
